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摘          要 
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大的提高，如 Ti-Si-1 复合薄膜电极 20 循环周次的充电容量损失仅为 15%，
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Abstract 
The Study of Preparation and Lithium Ion Intercalation Behavior of 
Metal/Silicon Multi-layer Composite Film Electrodes 
 
  Together with the strong demand of the third generation of micro electronic 
devices, the related power sources with high power densities appeal their 
importance. The most promising battery is micro lithium battery because of their 
largest discharging capacities and highest working potential. In responding to this 
requirement the active materials now practically used in the batteries, such as Li 
metal, should be replaced by some new anode materials due to pure Li is not 
suitable for the integration of micro lithium battery on the VLSI circuits and in 
MEMS systems. Silicon is regarded as one of the best candidates for its high 
capacity of 4200mAh/g, but the great issue is its very poor cycle ability, which 
results from the large volume expansion when alloyed with Li. One of the trials to 
avoid the problem is to prepare metal/Si multi-layer film electrode to improve the 
cyclic stability of the electrodes as well as with the high capacity. Furthermore, the 
multi-layer composite film electrode is expected to help us to study the mechanism 
of the volume expansion of Si and related alloys with lithium during the 
electrochemical cycles as a model electrode system.   
  In this thesis, the metal/Si multi-layer composite films were prepared 
successfully by sputtering of different ratio of Si and four different metals, Ti, Al, 
Cu or Zn. Their electrochemical performance especially the intercalation behavior 
of lithium ions was investigated with different electrochemical methods, AES and 
in situ electrochemical dilatometry. 













摘          要 
A-4 
the peak current density of metal/Si multi-layer composite film electrodes declined 
with cycle number slowly, and the peak current density decreased as well. Besides, 
the potentials at the current peaks moved negatively in the cyclic voltammetic 
curves, which were believed as the results of ESA (Electrochemical-driven 
solid-state amorphization) between the Si films and metal films in multi-layer 
composite film electrodes. The charge and discharge experiment results indicated 
that the metal/Si multi-layer composite films performed the much better cycle 
ability compared with Si film electrodes. For example, Ti-Si-1 composite film 
electrodes lost just 15% of the discharge capacity after 20 cycles. If annealed at 
350℃, the capacities lose decreased to 5%, however, the pure Si film electrodes 
lost more than 60% of the discharge capacity after 20 cycles, Al/ Si multi-layer 
composite film electrodes delivered a higher capacity than that of Ti/Si electrodes. 
Zn/ Si multi-layer composite film electrodes showed the worst cycle ability 
because of the poor affinity of Zn films with Si films.  
  The in-situ electrochemical dilatometry results imitated that metal/Si multi-layer 
composite film electrodes performed much less volume changes when discharged 
with the same charges of coulomb. With the similar construction, Ti/Si multi-layer 
composite film electrodes showed the least volume change while Al/Si electrodes 
did the most. Furthermore, the rate of volume expansions in metal/Si multi-layer 
composite film electrodes increased slowly compared with Si film electrodes, 
which were believed as one of the most important reasons to explanation the 
improvement of cycling performance for Metal/Si multi-layer composite film 
electrodes compared with pure Si film electrodes. 
   In summery, the Metal/Si multi-layer composite film are expected to be one of 
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devices. In addition, it is demonstrated that the electrochemical dilatometry is one 
of the useful tool for in-situ research of the volume expansion of the multi-layer 
composite film and other film electrode materials for micro Li batteries. 
Key words: Si; multi-layer composite film; metal; volume expansion; in-situ 
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第一章                       绪论 







为是实现 MEMS、VLSI 能源微型化、集成化的 佳选择。 
 
1.1.2 固态薄膜电池的构造及原理 
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1.2.1 阳极薄膜材料 
金属Li是锂二次电池中典型的阳极材料，应用于固态薄膜电池体系中时，
可以通过直接蒸发金属 Li 来获得薄膜材料，是 早被研究的阳极薄膜材料。
但是，在应用于微电子线路中时，考虑到金属 Li 极易与水发生反应导致加工
过程中条件受到严格的限制，需要在薄膜电池中额外增加一层保护膜，也导
致了整个电池制造的成本增加。除此之外，金属 Li 薄膜电极要应用于 MEMS
和 VLSI 中，还存在着另外一个严重的问题：电子线路配置过程中经常使用
的一道被称为焊接回流（Solder reflow）的标准工艺流程，它要求将电子设备
的各个部分加热到 250°C，并保持至少 10 分钟的时间。由于金属 Li 沸点为










的金属，包括 Si, Ge, Sn, Pb, Al, Ga, Sb, In, Cd, Zn 等，其中金属 Si 的理论容
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